Previously, Bradyrhizobium japonicum USDA 110 was shown to contain colony morphology variants which differed in nitrogen-fixing ability. Mannitol-utilizing derivatives Li-110 and L2-110 have been shown to be devoid of symbiotic nitrogen fixation ability, and non-mannitol-utilizing derivatives 1-110 and S-110 have been shown to be efficient at nitrogen fixation. The objectives of this study were to determine the effect of media carbon sources on the symbiotic N2-fixing ability of strain USDA 110 and to compare the effectiveness of strain USDA 110 and derivative 1-110. Based on acetylene reduction activity and the nitrogen content of 41-day-old soybean plants, neither derivative 1-110 nor cultures of USDA 110 grown in media favoring non-mannitol-using derivatives had symbiotic nitrogen fixation that was statistically superior to that of cultures of USDA 110 grown in media favoring mannitol-using derivatives. In another experiment 200 individual nodules formed by strain USDA 110 grown in yeast extract gluconate were screened for colony morphology of occupying variant(s) and acetylene reduction activity. Nodules occupied by mannitol-using derivatives (large colony type on 0.1% yeast extract-0.05% K2HPO4-0.08% MgSO4. 7H20-0.02% NaCl-0.001% FeCl3-6H20 [pH 6.7] with 1% mannitol [YEM] plates) had a mean acetylene reduction activity equal to that of nodules occupied by non-mannitolusing derivatives (small colony type on YEM plates). A total of 20 large colonial derivatives and 10 small colonial derivatives (1-110-like) were isolated and purified by repeated culture in YEM and YEG (same as YEM except 1% gluconate instead of 1% mannitol) media, respectively, followed by dilution in solutions containing 0.05% Tween 40. After 25 days of growth, soybean plants inoculated with the large colony isolates had mean whole-plant acetylene reduction activity, whole-plant dry weight, and whole-plant nitrogen contents equal to or better than those of plants inoculated with either the small colony isolates (1-110-like) or the 1-110 (non-mannitol-using) derivative. Hence, the existence of a mannitol-utilizing derivative that fixes nitrogen in a culture of strain USDA 110 obtained from the U.S. Department of Agriculture, Beltsville, Md., was established. This new USDA 110 derivative was designated as MN-110 because it was a mannitol-utilizing nitrogen-fixing USDA 110 derivative. This derivative was morphologically indistinguishable from the nonnitrogen-fixing derivative L2-110 found in cultures obtained earlier from the U.S. Department of Agriculture, Beltsville. DNA-DNA homology and restriction enzyme analyses indicated that MN-110 is genetically related to other USDA 110 derivatives that have been characterized previously.
Bradyrhizobium japonicum fixes nitrogen in association with soybean roots. B. japonicum U31DA 110 has been shown to be a symbiotically superior strain (9, 17) . Kuykendall and Elkan (10) have demon5trated that naturally occurring derivatives of USDA 110 thiat vary in colonial morphology also differ in nitrogen-fixing ability. Recently, it has been demonstrated that mannitol-itilizing USDA 110 derivative Li-110 is totally devoid of symbiotic nitrogenfixing ability (12) . Similarly, mannitol-utilizing derivative L2-110 also lacks the ability to fix nitrogen (B. D. W. Jarvis, personal communication). Derivatives I-and S-110 do not use D-mannitol but have been found to be nitrogen-fixing symbionts (10) . Results of work by Upchurch and Elkan (21) with B. japonicum 61A76, USDA 76, and USDA 140 showed a similar correlation between mannitol-utilizing ability (large, slimy colonies) and poor N2 fixation, and lack of mannitol-utilizing ability (small, nonslimy colonies) and good N2 fixation. Additional differences in carbohydrate utilization have also been found for strain USDA 110 derivatives (10, 11, 14) .
Because strain USDA 110 consists of derivatives with and without N2-fixing competence, inoculants prepared from a culture of pure derivative Nitrogen was then determined by a semi-micro-Kjeldahl technique (6, 15) . Because plants were grown in a nitrogenfree culture system, accumulation of nitrogen represented N2 fixation. Data obtained in symbiotic tests were subjected to analysis of variance by using computer programs developed by the Statistical Analysis System (7).
In addition to the symbiotic tests described above, 25 individual nodules were screened for acetylene reduction activity from each of four Lee and four Ransom soybean plants inoculated with YEG-grown strain USDA 110. Nodules were picked at random from 41-to 46-day-old plants, acetylene reduction was assayed in 25-ml serum bottles, and then bacteria from nodules were purified (20, 21) . Nodules were noted as containing primarily mannitol-using, mixed, or primarily non-mannitol-using derivatives.
Purification of derivatives from the current USDA 110 strain. A total of 20 large colony derivatives morphologically similar to the L derivatives isolated by Kuykendall and Elkan (10) and 10 small colonies similar to the I derivative were isolated from nodules of plants inoculated with USDA 110 obtained in December 1984. These colonies were then purified by repeated culturing in YEM or YEG, followed by dilution in basal medium minus yeast extract containing 0.05% Tween 40. Bacteria were then spread onto YEM plates. These cultures from single colony isolates were then grown in 10 ml of YEG media and used to inoculate soybean cv. Ransom to check for symbiotic competence. Acetylene reduction per plant, total N, and plant dry weight were determined 25 days after inoculation. Two 1-110-inoculated, two symbiotically non-competent L2-110-inoculated, and two noninoculated plants were used as controls.
DNA from both mannitol-using and non-mannitol-using derivatives of the USDA 110 culture used in these experiments was compared with DNA from derivatives 1-110 and L2-110 by restriction enzyme analysis with restriction enzymes HindIll and EcoRI. Protocols of the vendor Bethesda Research Laboratories (Gaithersburg, Md.) were used for DNA digestion. DNA was separated by the method of Barbour et al. (1) .
DNA-DNA homology was also estimated by the filter method of Gillespie and Gillespie (5) (3) , was bound to each filter; and 0.1 ,ug of labeled DNA was added with 7 ml of hybridization mix. Rhizobium fredii USDA 206 was used as a low-homology control, and a blank filter was used to determine background counts. Hybridization to the mannitol-using variant was set at 100% when relative homologies were calculated. The four media produced various compositions of mannitol-utilizing and non-mannitol-utilizing derivatives. YEM and YEA gave similar compositions of non-mannitol-using derivatives, with 22 and 20%, respectively, of all derivatives being non-mannitol using. YEG and YEM-ara both gave 48% non-mannitol-using derivatives. The derivative composition for YEM was as expected because the non-mannitolusing derivatives can grow only on the yeast extract. In the case of YEM-ara media, essentially equal numbers of mannitol-and non-mannitol-using derivatives were produced, probably because of the limiting amount of yeast extract in the medium. Even for I-110, the cell density in YEM-ara was one-half that obtained for YEM (Table 1) .
When nodules were screened for occupancy by derivatives in cultures of strain USDA 110, some unexpected results were obtained. For example, although the original inocula contained only 20% non-mannitol-using derivatives, 10 of 16 nodules selected randomly from plants inoculated with YEA-grown USDA 110 were occupied by nonmannitol-using derivatives (Table 2 and Fig. 1) . Similarly, in the case of YEM-ara and YEG, proportionally more nonmannitol-than mannitol-utilizing derivatives were obtained than expected. These results indicate that either nonmannitol-using derivatives are more competitive for infection sites on the root surface or they tend to proliferate more rapidly after mixed infection with mannitol-utilizing derivatives and hence predominate in mixed infections. However, in the case of YEM the proportion of nodules formed by mannitol-using derivatives was similar to the proportion of these derivatives in the culture used as inoculum. This could be due to the fact that mannitol-using derivatives are more competitive for infection when grown in YEM media. The high inoculum density (>109 cells ml-1) used in this experiment could have caused the high percentage of nodules to be formed by mixed infection ( Table 2) .
Symbiotic effectiveness of USDA 110 compared with that of derivative 1-110. In each combination of carbon source and cultivar, USDA 110 and I-110 were found to perform similarly with respect to symbiotic effectiveness (Table 3) . Although USDA 110 was found to be slightly superior to 1-110 when data from all 32 replications were pooled, these differences were not statistically significant. These results are contrary to the expectation that the culture of USDA 110 used in this experiment is composed of derivatives that both fix and do not fix nitrogen.
Carbon sources were found to produce some interesting effects on nitrogenase specific activity. YEM-grown USDA 110 had a statistically higher nitrogenase specific activity than YEG-and YEA-grown USDA 110. However, the enhanced nitrogenase specific activity did not affect whole plant N, dry weight, or nitrogenase activity per plant. An enhanced nodule number was found with YEG-grown USDA 110. Slightly higher nodule weight was also found for YEG-grown USDA 110, but this difference was not statistically significant. Because very high cell numbers (>109) were used to inoculate plants, the higher initial cell numbers in YEG-grown USDA 110 cultures (Table 1) and derivative I-110 (Table 3 ). This superiority seemed to be associated with greater nodule mass for the Lee cultivar, which resulted in higher per plant nitrogenase levels because specific nitrogenase activity was the same for the two cultivars. This apparent symbiotic superiority of the Lee cultivar does not necessarily conflict with the report that the Ransom cultivar had a higher seed yield and seed oil concentration than the Lee cultivar (2) because it is not known whether the superior symbiotic performance would have been maintained for the entire developmental cycle. Also, factors other than symbiotic performance with B. japonicum may contribute to the superior seed-yielding ability of the Ransom cultivar.
Evidence for a mannitol-utilizing, nitrogen-fixing USDA 110
derivative. To determine whether USDA 110 consisted of derivatives with and without N2-fixing ability, 200 individual nodules were screened for acetylene reduction activity and their derivative composition (Table 4) . Derivatives from the USDA 110 culture obtained in December 1984, which were similar to the previously described L derivatives in colony morphology, were found to occupy about 30% of the nodules tested. However, the mean specific acetylene reduction activity of nodules occupied by these mannitol-using derivatives was equal to or higher than that of nodules occupied by derivatives similar to (Table 5 ). Efforts currently are under way to characterize the symbiotic performance of derivative MN-110 and study its nif gene structure compared with derivatives 1-110 and Li-110. Mathis et al. (12) found both I-110 and Ll-110 to have similar nif DNA structure, despite the lack of N2 fixation in Li-110.
Strain USDA 110 is composed of several genetically related colony types. Previously, strain USDA 110 obtained from USDA, Beltsville, was shown to contain both N2-fixing and non-N2-fixing derivatives (12) . The USDA 110 we obtained in December 1984 from USDA, Beltsville, seemed to lack non-N2-fixing derivatives. The large mannitol-utilizing colony type found in this culture of strain USDA 110 was indistinguishable morphologically from L2-110. However, MN-110 fixed nitrogen at levels comparable to or greater than those for 1-110. These data are not consistent with the apparent correlation of mannitol utilization and reduced symbiotic effectiveness for B. japonicum derivatives (10, 21) . We thus conclude that mannitol utilization is not necessarily correlated to symbiotic competence. We also conclude that strain USDA 110 obtained at different points in time from the USDA culture collection at Beltsville or other culture collections may vary in symbiotic effectiveness because of the presence or absence of mannitol-utilizing, nitrogen-fixing derivatives.
With the current emphasis on genetic engineering of N2-fixing organisms, it is important to note the presence of these derivatives in cultures and to obtain true clones for genetic manipulation. It is also important to note the presence of derivatives such as in currently available laboratory cultures of B. japonicum that may actually prove to be symbiotically superior. Because derivatives such as MN-110 and L2-110 are morphologically indistinguishable but differ greatly in N2 fixation ability, the screening of single colony isolates from laboratory cultures for symbiotic nitrogen-fixing ability with soybeans may be a means of identifying naturally occurring superstrains.
